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(57) Abstract 

Bacteriocin compositions comprising ianthionine containing bacteriocins. and non-bactericidal agents. When the bacteri c- 
in compositions are combined with a suitable carrier with each component present in sufficient quantities such that the composi- 
tion is effective against Gram negative bacteria in addition to Gram positive bacteria, they become enhanced, rapid acting, broad 
range bactericides suitable for a variety of applications. 
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Description 

Nisin Compositions For Use As 
Enhanced » Broad Range Bactericides 



Background of the Invention 

This is a continuation-in-part application of 
Serial No. 209 , 861 filed June 22, 1988. Nisin is a 
polypeptide with antimicrobial properties which is produced 
in nature by various strains of the bacterium Streptococcus 
lactis . It is a known food preservative which inhibits the 
outgrowth of spores of certain species of Gram positive 
Bacilli. 

Although sometimes mistakenly and imprecisely 
referred to as an antibiotic , nisin is more correctly 
classified as a bacteriocin, i.e. a proteinaceous substance 
produced by bacteria and which has antibacterial activity 
only towards species closely related to the species of its 
origin, Nisin is a naturally-occurring preservative found 
in low concentration in milk and cheese , and is believed to 
be completely non-toxic and non-allergenic to humans. 

Nisin has recently been recognized as safe by the 
FDA as a direct food ingredient in pasteurized cheese 
spread, pasteurized processed cheese spread, and pasteurized 
or pasteurized processed cheese spread with fruits, 
vegetables, or meats. Furthermore, since it is a 
polypeptide, any nisin residues remaining in foods are 
quickly digested. 

A summary of nisin 's properties appears in 
Hurst, A., Advances in Applied Microbiology 27:85-123 
(1981). This publication describes what is generally known 
about nisin. Nisin, produced by Streptococcus lactis , is 
available commercially as an impure preparation, Nisaplin" 1 , 
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from Aplin & Barrett Ltd. , Dorset, England and can be 
obtained by isolating naturally ccurring nisin from 
cultures of Streptococcus lactis and then concentrating the 
nisin according to known methods. There sure also reported 
methods for producing nisin using altered strains of 
Streptococcus . See Gonzalez et al. f U.S. Pat. No. 
4,716,115, issued December 29, 1987. It should also be 
possible to .produce nisin by recombinant DNA technology • 

Nisin has been applied effectively as a preserva- 
tive in dairy products, such as processed cheese, cream and 
milk. The use of nisin in processed cheese products has 
been the subject of. recent patents. See U.S. Pat. Nos. 
4,554,199 and 4,597,972. The use of nisin to inhibit the 
growth of certain Gram positive bacteria has been well 
documented. However, its complete success and acceptance 
as a food preservative has heretofore been hampered by the 
belief that nisin was ineffective against Gram negative and 
many Gram positive bacteria. Gram negative bacteria are 
almost always present in conjunction with Gram positive 
bacteria and are a major source of food spoilage and 
contamination. See Taylor, U.S. Pat. No. 5,584,199, issued 
April 22, 1986 and Taylor, U.S. Pat. No. 4,597,972, issued 
July 1, 1986; Tsai and Sandine, "Conjugal Transfer of Nisin 
Plasmid Genes from Streptococus Lactis 7962 to Leuconostoc 
Dextranicum 181, Applied and Environmental Microbiology , 
Feb. 1987, p. 352; n A Natural Preservative," Food 
Engineering Int'l ,, May 1987, pp. 37-38; "Focus on Nisin," 
Food Manufacture r March 1987, p. 63. 

Summary of the Invention 

It has now been found that contrary to prior 
teaching, compositions comprising nisin, in combination with 
various non-bactericidal agents have enhanced, broad range 
bactericidal activity against Gram negative bacteria as well 
as enhanced activity against a broader range of Gram posi- 
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tive bacteria than nisin alone. The enhanced bactericidal 
activity against Gram positive bact ria occurs in a pH range 
broader than previously taught. The invention provides 
bacteriocin compositions of nisin or other, lanthionine 
containing bacteriocins , in combination with various non- 
bactericidal agents for example chelating agents or sur- 
factants. The invention further provides the compositions 
dissolved or suspended in a suitable carrier to yield 
enhanced broad range bactericides. 

Detailed Description of the Invention 

Specifically, it has been found that a solution of 
about 0.1/^g/ml to 300/tg/ml of nisin in the presence of 
about 0.1 mM to 20 mM of a chelating agent, for example 
EDTA, virtually eliminates the growth of Gram negative 
bacteria such as Salmonella tvphimurium , Escherichia coli, 
Pseudomonas aeruginosa , Bacterioides gingival is , 
Actinobacillus actinomycetescomitans , and Klebsiella 
pneumoniae and is more active towards Gram positive bacteria 
such as Staphylococcus aureus, Streptococcus mutans, 
Listeria monocytogenes Streptococcus agalactiae and 
Corvneform bacteria than nisin alone. Although the 
enhancement of nisin activity by chelator was concentration 
dependent, contrary to expectations, concentrations of EDTA 
in excess of 20mM were inhibitory to the bactericidal 
activity of nisin. However, in the presence of a 
proteinaceous carrier, and polyvalent polymers such as serum 
albumin, collagen, gelatin, casein and keratin, the inhibi- 
tion of nisin by concentrations of EDTA above 20mM was 
significantly reduced, thereby extending the useful range of 
EDTA enhancement of nisin. 

It has also been found that a solution of about 
O.ljxg/ml to 300«g/ml nisin and about 0.1 mM to 20 mM of a 
chelating agent will further enhance the effectiveness of 
nisin against Gram negative and Gram positive bacteria in 
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the presence of about 0*01% to 1.0% of surfactant „ 
Additionally, it has been found that, in the presence of 
surfactant alone, nisin has enhanced activity agai ns t Gram 
positive bacteria. 

In the present invention, suitable chelating 
agents include, but are not limited to, EDTA, CaEDTA, 
CaNa 2 EDTA, and other alkyldiamine tetraacetates , BGTA and 
citrate* Surfactants, valuable as cleansing agents, 
suitable for combination with nisin, with or without EDTA, 
include, but are not limited to, the nonionic surfactants 
Tweens, Tritons, and glycerides, ionic surfactants such as 
fatty acids, quaternary compounds, anionic surfactants such 
as sodium dodecyl sulphate and amphoteric surfactants such 
as cocamidopropyl betaine and emulsif iers. 

Since Gram positive and Gram negative bacteria are 
almost always found together in foods, the effectiveness of 
the nisin compositions towards Gram negative bacteria such 
as Salmonella typhimurium , Escherichia Coli , Klebsiella 
pneumoniae , Fseudomonas aeruginosa , Bactericides gincyivalis , 
Actinobacillus actinomycetescomitans , and other Gram 
negative pathogens and Gram positive bacteria will be of 
great use. The bactericides are particularly suited for the 
control and prevention, of contamination of raw ingredients, 
processed foods and beverages by bacterial pathogens and 
other microbial spoilage organisms. Potential food related 
uses include treatment of meats, especially poultry, eggs, 
cheese and fish and treatment of food packaging and handling 
equipment. Further uses include as food preservative, such 
as in processed cheese, cream, milk, dairy products and in 
cleaning poultry, fish, meats, vegetables, and dairy and 
food processing equipment. The use of the nisin 
competitions should not be limited to food related uses and 
the nisin compositions should be useful in any situation in 
which there is a need or desire to eliminate Gram negative 
and Gram positive bacteria* 
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1. 



A composition comprising a lanthionine contain- 
ing bacteriocin and a chelating agent. 



2. 



A composition comprising a lanthionine 



contain- 



ing bacteriocin and a surfactant. 

3. A composition comprising a lanthionine contain- 
ing bacteriocin r a chelating agent and a 
surfactant. 

4. The composition as defined in claim 1, 2 or 3 
wherein the lanthionine containing bacteriocin 
is selected from the group consisting of nisin, 
subtil in, epidermin, cinnamycin, duramycin, 
ancoyenin and Pep 5. 

5. The composition as defined in claim 1 or 3 
wherein the chelating agent is selected from 
the group consisting of alkyldiamine tetra- 
acetates, CaEDTA, Na 2 CaEDTA, EGTA and citrate. 

6. The composition as defined in claim 5 wherein 
the alkyldiamine tetraacetate is EDTA and the 
bacteriocin is nisin. 

7. The composition as defined in claim 2 or 3 
wherein the surfactant is selected from the 
group consisting of Tritons, Tweens f 
glycerides, fatty acids, emulsifiers, 
quaternary compounds, amphoteric and anionic 
surfactants. 
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8. The composition as defined in claim 1 also 
c ntaining a food per servative . 

9. An enhanced broad range bactericide comprising 
a carrier, a lanthionine containing bacteriocin 
and a chelating agent. 

10. An enhanced broad range bactericide comprising 
a carrier and a lanthionine containing 
bacteriocin and a surfactant. 

11. An enhanced broad range bactericide comprising 
a carrier, a lanthionine containing 
bacteriocin, a chelating agent and a surfac- 
tant* 

12. The enhanced broad range bactericide as in 
claim 9, 10 or 11 wherein the lanthionine 
containing bacteriocin selected from the group 
consisting of nisin, subtilin, epidennin, 
cinnamycin, duramycin, ancovenin and Pep 5 and 
the chelating agent selected from the group 
consisting of alkyldiamine tetraacetates, EGTA 
and citrate are present in quantities such that 
the bactericide has enhanced effectiveness 
against at least one of the bacteria from the 
group consisting of Staphylococcus aureus , 
Streptococcus mutans. Listeria monocytogenes , 
Streptococcus agalactiae, Cornyeform bacteria. 
Salmonella typhimurium , Escherichia coli , 
Klebsiella pneumoniae , Pseudomonas aeruginosa , 
Bactericides gingivalis and Actinobacillus 
actinomycetescomitans . 
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The enhanced broad range bactericide as in t 
claim 12 wherein the alkyldi amine tetraacetate 
is EDTA. 

The enhanced broad range bactericide as in 
claim 10 or U wherein the surfactant is 
selected from the group consisting of Tritons, 
Tweens, glycerides, fatty acids, quaternary 
compounds, emulsifiers, amphoteric and anionic 
surfactants and is present in an amount suffi- 
cient such that the bactericide has enhanced 
effectiveness against at least one of the 
bacteria from the group consisting of Gram 
negative and Oram positive bacteria. 

The enhanced broad range bactericide as in 
claim 12 wherein the concentration of nisin is 
between about 0.1A(g/ml and 300.0 /Cg/ml and the 
concentration of chelating agent is between 
about 0 .1 mM and 20mM. 

The enhanced broad range bactericide as in 
claim 14 wherein the concentration of surfac- 
tant is between about 0.01% and 1.0%. 
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